Abstract: Simulation study on evacuation scenarios has an important influence on public safety. Unfortunately, the traditional evacuation-drill approach for emergency situations focuses on the physiological interaction between individuals/crowds, whereas the approach ignores psychological interaction. In this paper, we present an emotion contagion model that associates components, such as physiological demand, security requirement and personality traits, with individual agents comprising a crowd, and produces emergent behaviours in the crowd as a whole. The emotion contagion model realises the interaction of physiological and psychological factors. Personality traits are associated with emotions by using the OCEAN, OCC and PAD models. To reflect the complexity of emotion contagion of crowd, we consider three processes: contagion, update, and decay. We also consider the effect of emotions on the movement. Testing results demonstrate that the proposed method is effective and realistic for simulating the movement of heterogeneous crowd in emergency situations.
Introduction
Escape evacuation has often been taken into account when protecting a population from potential harm, which has been faced by many government agencies, sociologists, psychologists, physicists and computer scientists. In 2011, an explosion went off at the 'October' subway station during peak hours, which caused 15 deaths and more than 200 injuries (at Minsk, Belarus). In 2014, a passenger had a minor accident, while other passengers rattled out of a number of doors in just a few seconds, and two passengers fell down during the trip (at Shanghai, China). In 2015, a female passenger fainted in the subway station causing passengers' panic and run among the population, resulting in 12 people being injured (at Shenzhen, China). According to a report, one regrettable point is that evacuees may not always behave in a rational manner because of their negative emotions and the contagion of emotions (Dong, 2014) . Thus, modelling the impacts of emotion contagion is important to the study of evacuation. With a better understanding of emotion contagion, proper guidance can be provided to reduce casualties and improve the effectiveness of evacuation.
Crowd simulation research has gained an important direction of planning safe exit and developing contingency plans of emergency to minimise casualties. According to the convergence theory (Christiansen, 2015) , crowd behaviour is a product of the coming together of like-minded individuals rather than a product of the crowd. During the evacuation in the real world, individual behaviour is influenced by many factors, such as strength, speed, health, gender, other individuals and the surrounding environment. However, owing to the different psychology of individuals, the same factors may vary for different individuals. Many significant simulation results have been achieved by existing methods, including individual and crowd behaviour observation in the real world.
However, most of the existing works on evacuation modelling and simulation focus on physiological interaction of the crowd e.g., path planning and collision avoidance, while ignoring psychological interaction such as conformity and emotion contagion (Wadoo and Kachroo, 2010; Zheng et al., 2014) . Crowd simulation can produce believable and heterogeneous crowd behaviour through the study of the individual's psychological structure. In other words, in order to improve the diversity and reality of crowd behaviour, it is necessary to widely study the psychological characteristics of the real people, e.g., personality traits, mood and emotion. Crowd simulation systems have also been introduced based on emotion, which focus on how to build the emotion framework to reflect the emotional process of an individual (Pan et al., 2015; Yang et al., 2012; Li et al., 2011) .
In this paper, individuals are given personality traits according to the OCEAN model which is popular in personality traits (Goldberg, 1992) , and are given the common emotions based on evacuation and the OCC model. Our main goal is to establish a suitable emotion contagion model for evacuation, and to simulate the evacuation of the individuals with different emotions.
We present a framework that associates psychological and physiological components with virtual individuals in order to simulate the emotion contagion of the crowd. For this purpose, we set up the emotions of individuals with three basic constituents: physiological demand, security requirement and personality traits. Each of the three elements can vary according to the emergence of different behaviours. In addition, individuals have four features: personality, perception, emotion, and behaviour features, which enable them to assess their surroundings and trigger appropriate emotions, and thereby plan behaviour.
Our system can provide the users with the functionality to develop various scenarios through initialising each individual with different physiological demand, security requirement and personality traits. Our emotion contagion model is based on evacuation scenario. In order to build a more convincing link between personality features and emotion features, we choose six emotions from the widely recognised the OCC model with 22 emotions: calm, hope, disappoint, distress, fear, and hate. We consider behaviours: walking, running, pushing and gathering. The individuals then act according to the emergency, exhibiting various behaviours based on their own emotion states triggered by interactions with each other and the environment. Unity Game Engine is used as the underlying crowd simulator to simulate crowd evacuation.
The rest of the paper is organised as follows. Section 2 presents related work. Section 3 gives a conceptual system representation followed by the description of four features. Section 4 depicts the main algorithm of this paper, and explains the implementation details of the subway station scenario mentioned, and describes the evaluation results. Finally, Section 5 gives conclusions and future work.
Related work
Crowd simulation has always been a hot topic in computer graphics, cognitive science and artificial intelligence, which combines mechanics, sociology, psychology and operations research and other disciplines. Simulating crowds in the virtual environment generated by a computer provides great help to emergency responders and thus performs an important function in reducing the damage. One of the most representative simulation models in the history of crowd simulation, including the flocking model, was proposed by Reynolds (1987) . An innovation of the model is to produce believable crowd behaviour based on the autonomy of individuals, instead of the planned steps. Helbing and Molnár (1995) proposed the social force model based on physical mechanics, which determines the motion behaviour of an individual through the interaction of driving force, repulsion force and attraction force. In addition, such works include continuous dynamic model, hybrid methods combining Lagrangian and Eulerian, regular model and perception model. The common optimisation algorithms of crowd simulation include particle swarm optimisation and ant colony algorithm. Particle swarm optimisation algorithm is a stochastic search algorithm based on crowd collaboration that is developed by simulating the foraging behaviour of birds. By introducing chaos mapping into the PSO algorithm, Huang and Zhao (2016) presented an updated PSO method addressing the local optima problems. Inspired by the fact that ant colony algorithm is a probabilistic algorithm for finding optimal paths, Cao et al. (2016) proposed an optimisation method of the recommended speed profile by formulating a discrete combination optimisation model and taking a modified max-min ant system as the core algorithm.
Although some successes have been achieved by using the above classical models, evacuation simulation is still a challenging field. Some researchers combine emotions and personality traits for autonomous agents, so that the crowd can generate heterogeneous behaviours through mental state mechanism (Cao et al., 2014; Teijeiromosquera et al., 2015) .
Personality traits and emotions
Emotions are often intertwined with mood, temperament, personality, disposition, and motivation, which are brief in duration and consist of a coordinated set of responses.
The PAD model is a psychological model developed by Russell and Mehrabian (1974) , which aims to describe and measure emotional states. The PAD model represents all emotions and provides a computational link between emotions and personality traits using three numerical dimensions (pleasure, arousal and dominance). The OCC model (Ortony, Clore, Collins) is based on the appraisal theory of emotions, which describes a hierarchy that classifies 22 emotions differentiated by the psychologically significant situations (Ortony et al., 1988) . The model shows that all emotions have a cognitive basis that activates each emotion by formulating the steps. Additionally, the emotion states of the OCC model are closely related to the update of the PAD model (Gebhard, 2005) .
Personality traits can be defined as the habitual patterns of behaviour, thought, temperament and emotion, which are primarily interested in the measurement of traits.
PEN model (Mcrorie et al., 2012) is also called Eysenck three-factor model. The three factors, linked to biological basis, are psychoticism, extraversion and neuroticism. Six adjectives of the behaviours can be mapped to the three PEN factors: aggressive and impulsive correspond to psychoticism, assertive and active correspond to extraversion, shy and tense correspond to neuroticism. Inspired by PEN model, researchers present other personality models. OCEAN model (Goldberg, 1992 ) is popular, which also known as the five-factor model. The five factors are defined as openness, conscientiousness, extraversion, agreeableness and neuroticism, representing the orthogonal dimensions of the personality space to describe the human personality and psyche. Bordas (2014) presented an interactive installation exploring social emotional contagion. Some events not only make the characters evolving in this world experience emotions but also share them through emotional contagion. However, the model lacks the value analysis of emotional contagion. Barhatee (2002) defined the ripple effect of emotional contagion, which has a significant influence on individual-level attitudes and group processes.
In this paper, we use the OCEAN, PAD and OCC models for two reasons. First, the PAD model can be associated with consistent mappings to the OCC model of the emotions as well as the OCEAN model of the personality traits, which provides a convenient medium between these two models. In other words, these models combine personality traits with emotions well. Based on these classic models, our emotional contagion model can be more convincing. Second, we can associate physical environments with psychological state of an individual using these models, because the core idea of the PAD model being that physical environments influence individuals through their emotional impact.
Crowd evacuation
Evacuees are supposed to make a quick decision to simplify their decision-making processes in emergency. However, the emotion can change people's ability to make decisions (Lu et al., 2016) . Evacuees with extremely negative emotion shift their decision mechanisms into following instincts such as herding when finding paths (Pan et al., 2007) . Another effect of emotion is the increase of pushing and squeezing behaviours, which may cause severe jams even without hazards (Helbing et al., 2002) . Therefore, considering emotion and its contagion is necessary to simulate the evacuation process of crowd. Lu et al. (2016) considered the impact of anxiety on the route choices and the interaction with other psychological features like responses to guidance and herding during building fire and smoke evacuation. Cao et al. (2017) constructed the P-SIS (personalised SIS) emotional contagion model which combines OCEAN model and SIS model, then simulated emotional contagion on crowd evacuation by coupling the P-SIS model with the social force model. Durupinar et al. (2016) considered psychological components into crowd and simulated emergent behaviours in the crowd. They parametrised the common properties of mobs to create crowd misbehaviour, aiming to create a system that enables the specification of different crowd types. Wu et al. (2015) proposed a real-time emotion integrated crowd path planning (EPP) algorithm. Based on the OCEAN model and the emotional preferences of individuals, the selection objective function of path searches the optimal path in real time according to the principle of shortest expected time.
The method
Our aim is to take advantage of these existing methods (Durupinar et al., 2016) , to simulate crowd evacuation with emotion contagion. In this paper, we simulate the crowd evacuation in subway station that contains large numbers of person when an emergency occurs. Because the scenario usually is in a crowded state in the real world, people can quickly perceive the status of surrounding crowd and the changes of environment. The crowd is prone to distress, fear and other negative emotions when an emergency (such as robbery and explosion) happens in environment, resulting in congestion events (Liu et al., 2013) . In this work, we propose a crowd evacuation simulation method based on emotion contagion, the flow chart is shown in Figure 1 .
Figure 1 Flow chart of this paper
An individual is regarded as an agent who consists of four features: personality, perception, emotion and behaviour. The process of emotion contagion can be classified into three categories: contagion, update, and decay. One aspect of natural motion is related to perception that agents obtain the relevant information of the virtual environment and the surrounding agents in real-time, and the manner in which agents process information. When the emergency occurs, agents change their behaviours through the emotion contagion model based on the personality feature, ultimately affect the global behaviour and evacuation result.
Personality features
We set personality features including physiological demand, security requirement and personality traits. Physiological demand is regarded as the physical requirement for human survival. The human body cannot function properly and will fail ultimately if the requirement is not met (Maslow, 1943) . Here, we take physiological demand as the need for energy of body. Security requirement includes the need for personal safety, stable life, and free from suffering, threats or illnesses (Maslow, 1943) . We only consider personal safety actually, and define it as the value of damage intensity which is caused by emergency events to the agent. The personality traits are established based on the OCEAN model. These three factors determine the physiological and psychological states of an agent. In order to reflect the diversity of the heterogeneous crowd, the values of three basic constituents of the personality feature are different.
In the virtual environment, the outside stimuli refer to the emergency events that can affect the needs of agents. Initialising each agent with physiological demand, the value of the demand will gradually increase as time goes on. Phy(t) denotes the physiological demand intensity of an agent at the moment of t and its value is limited from 0 to 1, which can be formulated as follows (Xiao and Ding, 2013) :
Phy t inj d MinD inj Phy t Phy t MinD d MaxD d Phy t C otherwise
where Phy(t -1) denotes the physiological demand intensity of an agent at the moment of t -1. ∆C denotes the changes in physiological demand within the time span from t -1 to t. During this period, the changes in physiological demand increase greatly if the agent is affected by an emergency.
The value of security requirement is the equal of the value of damage intensity which is caused by the emergency to the agent. The damage intensity Dag is defined as (Xiao and Ding, 2013) :
where inj is the value of the damage intensity of the emergency. d is the distance between the agent and the emergency. The maximum distance in the emergency can affect physiological demand and the security requirement of the agent is MaxD. If the distance d exceeds MaxD, the agent is not affected. The minimum distance with the emergency can affect the physiological demand and security requirement of the agent is MinD. The closer the agent is to the emergency, the greater the increase of physiological demand and security requirement. The changes in the surrounding environment as a function of updating emotions will be explained in detail in Section 3.3.2.
Changes in the surrounding environment are mapped to emotions as a function of their attributes, then individuals generate believable, heterogeneous crowd behaviour. In this paper, agents are given different personality traits based on the OCEAN model, and are given six kinds of emotions: calm, hope, distress, fear, disappointment, and hate based on the OCC model. We model an agent's personality traits using a five-dimensional vector
The greater the value of personality traits, the more obvious the individual's expression. For instance, P =<0.7, 0.8, 0.9, 0.05, 0.1> indicates the individual is cheered, outgoing, responsible, not pleasant and non-neurotic, that is to say, not easy to get over-excited. The PAD model has been used to construct animated agents that exhibit emotions. Each emotion of the OCC model has a specific value of the PAD model, namely, emotion is represented as
, and -1 <= m P , m A , m P <= 1. The PAD model is primarily used to indicate the impact of an emergency on individual emotions. In this work, we set M = [0, 0, 0] T corresponds to calm, because the OCC model does not include calm. Table 1 shows the mapping between emotions and the PAD model (Gebhard, 2005) . Table 1 Mapping between emotions and the PAD model The value of the PAD model of an agent can be calculated according to the personality traits. A direct mapping of the relationship between the OCEAN model and the PAD model has been defined by Mehrabian (1996) , as follows:
where P is a personality traits matrix, and different agents are given different personality matrixs. K is a constant matrix which represents the five linear regression analyses that they are used to analyse each of the five factors as functions of the PAD model (Mehrabian, 1996) . The specific values of K are given as follows: 
The personality traits are given for each agent and emotions are then calculated through formula (3) and Table 1 . The most intense emotion of an agent is defined as the explicit emotion, and the other five emotions are defined as potential emotions.
Perception feature
The agents do not need to pay close attention to all the objects in the virtual environment, they mainly concern objects in the perceptual range. Agents have perception so that they are influenced by emergencies and emotions of other agents, meanwhile, they can react to obstacles, other agents and dynamic changes in the perceptual range. Hatfield et al. (1993) suggested that emotional contagion may occur as a consequence of visual observation.
Definition 1. The perceptual range. The maximum range vR of an agent's visibility sweeps 90° from the direction of speed v to the left and right sides, respectively. The resulting semicircle area is the perceptual range of an agent is shown in Figure 2 . Red circle represents the agent, and white circles represent other agents perceived. mj ∈ {calm, hope, distress, fear, disappoint, hate} denotes the six emotions of an agent, S v is the perceptual area of the agent, n mj denotes the number of agents with explicit emotions mj within the perceptual range. The agent can only perceive the explicit emotions of other agents but cannot perceive the potential emotions. The density of each emotion that the agent can perceive is calculated as follows:
Emotion feature
Emotions are divided into two groups: positive emotions including calm and hope, and negative emotions including disappointment, distress, fear and hate. Make further improvements based on existing work (Durupinar et al., 2016) , the specific emotion contagion model is shown in Figure 3 .
Emotion contagion
Emotion contagion of the agent o (including explicit emotion and potential emotion) is computed by taking into account the explicit emotions of the visible agents within a certain proximity. The specific contagion value is defined as follows:
where φ mj (t′) is the random value that the agent obtains from a specified probability distribution. ρ v•mj (t′) denotes the density value of the explicit emotions perceived within the perceptual range. Within the time span from t -k to t, the agent and its surrounding agents are moving in real time, thus the values of these variables are constantly changing. Both φ mj and T mj satisfy log-normal distributions, namely log-N, with means μ φmj and μ Tmj , and standard deviations σ φmj and σ Tmj . Specifically, they can be expressed as:
At any time, the explicit emotion of the agent becomes mj if the cumulative dose Ф mj (t) extends beyond the specified threshold T mj , otherwise still be the current emotion:
Emotion update
Emergencies within the perceptual range can have a significant influence on the emotion of agents during the evacuation. Emotion update is related to the changes in the physiological demand and security requirement of the emergencies to the agent. It is easy to trigger the negative emotions of agents such as fear when both the values of two factors increase. The values of m P , m A , m D will change after emergencies occurring in the perceptual range, which update the emotions of agents. 
The distance disMint o (t) at time t from agent o to emergencies is here the distance to the closest emergency 
Emotion decay
An emotion is not always active as time goes on. Then, the value of an emotion will gradually decay, tending to calm.
is the value of the emotions at time t -1. β denotes the decay coefficient, which does not vary over time. When β = 0.02, the decay of emotion without any other emergency event is shown in Figure 4 . 
Behaviour feature
Based on the evacuation situation and related research of collective behaviour (Chaiklin, 1992) , we consider simple behaviours for the agents: walking, running, pushing and gathering. The agents with different personality traits will adapt different behaviours under the same situation. Each behaviour plays as a function of personality, and performs personality-to-behaviour mapping following the method given in (Durupinar et al., 2011) . When an emotion is active, it affects certain behaviour, and behaviour can in turn affect emotion. Negative behaviours can lead to negative emotions, and positive behaviour may promote positive emotions. For example, a person feels fear during evacuation in real life, if he follows the surrounding people forward in an orderly way, the negative emotion will be released. Therefore, the agent's own behaviour B i have an influence f i on emotions at the moment t, where i represents the behaviours. Meanwhile, we consider the impact of the emotional preference on path finding choices of agents based on the existing path planning work (Van Toll et al., 2012) . A graph G = (V, E) is formed based on the layout of the scenario environment. Walkable regions are abstracted as vertices (denoted by set V) and path are abstracted as edges (denoted by set E). where ||e i || denotes the arc length of the edge e i . t delay (e i ) should return 0 when ρ(e i ) = 0, and t delay (e i ) should return ∞ when ρ(e i ) = 1. Then, by running the A* search algorithm (Hart et al., 1968) on this graph yields a path for each agent.
Evacuation simulation by emotion contagion model
Owing to the significant changes of physiology and psychology in real evacuation scenarios, the validity of simulation results is reduced if they are ignored. Another problem is the complexity of emotion models; the impact of the emotion contagion on crowd evacuation is not comprehensive, even when using famous emotion models.
Emotion contagion model
In this paper, the interaction among agents is one of the three causes of emotion change in a crowd, the two other are emergency and time. The pseudo codes of the emotion simulation procedure are presented as Algorithms 1, 2, and 3. Algorithm 1 depicts, according to the transformation matrix K, mapping the big five factors of personality to the PAD model as given by Mehrabian. Algorithm 3 shows the emotion of an agent is infected if the cumulative dose extends beyond the threshold, otherwise still be its current emotion. Next, emotional states update and decay consecutively. 
Experimental results and analysis
We believe these results can validate our emotion contagion model in a complete and quick way to simulate the emotion changes of crowd during the evacuation. The following results show that our emotion contagion model produces quality motion. We demonstrate our working system in subway station. The configurations of the testbed are presented in Table 2 . Table 2 Configurations of the testbed
Hardware environment
CPU AMD A8-7100
Graphics card AMD Radeon R5 Graphics Memory 8GB
Software environment
Operating system Windows 10 (64x)
Engine Unity3D
Language C #
In the experiments, the perceptual range vR of an agent is 10 m, MinD is 2 m and MaxD is 10 m. In crowd scenarios, since people are dense, the crowd movements are restricted by other agents so that the movement speeds of agents are usually slow. However, in contrast to the normal behaviour, the movement speeds are very high and the movement speeds are influenced by emotions during the evacuation.
Evacuation simulation

Simulation without emotion
When an explosion occurs in the square outside subway, the evacuation of the crowd takes place as in Figure 5 . The number of individuals is 1,000, the area of the scenario is 100 m * 100 m. We set outside the red fence is the safe area, and there are three exits in the scenario. In the simulation, the whole scene is symmetrical. The locations of the individuals are initialised randomly at the beginning of simulation. When the evacuation simulation is without emotion, the A* algorithm is used to plan the shortest path so that individuals choose the appropriate exits to reach the safe area. However, the congestion phenomenon is likely to occur. The still frames from this simulation are in Figure 5 . 
Simulation with emotion
In order to analyse the influence of emotion contagion model on evacuation, in experiments, we set μ φmj ∈ [0, 0 We set the damage intensity inj of the explosion equal to 8. In Figure 6 (a), we set the emotions of all individuals to calm. In Figure 6(b) , after an explosion, the emotions of the individuals who are close to the source of the explosion are fear, hate, disappointment and distress, whereas individuals who do not perceive the emergency still remain their current emotion, namely, calm. Their emotions tend to calm as they are far from the source of the explosion gradually as shown in Figures 6(c) and 6(d). The focus of the experiment is to simulate the emotional contagion of the crowd. From the experimental results, we can know:
1 the emotion of an individual is influenced by other individuals 2 dynamic environment will change the emotions of individuals 3 the emotions of individuals will gradually decay.
We design different personality traits for individuals, then individuals get the corresponding emotions. The proportions of individuals with different emotions are listed in Table 3 . Figure 7 shows the trend of the explicit emotions of the individuals under the four different initial states.
In the subway station, the number of individuals is 300, and the area of the scenario is 30 m * 40 m. Outside exits marked with purple are the safe area. Figure 7 and Figure 8 show that, in the initial state, that the number of individuals with positive emotions is more than those with negative emotions; with the passage of time, the crowd finally is in a positive state. In other words, the explicit emotions of most individuals are calm and hope. The movement of the whole is ordered, and no push and gather behaviours occur. Figure 9 shows that, in the initial state, the number of individuals with positive emotions in the crowd is less than those with negative emotions, and the crowd is in a negative state. The explicit emotions of most individuals are disappointment, distress, fear and hate, and individuals run around to find new exit as shown in Figures 9(a) and 9(b) . Therefore, it takes longer for all individuals to reach safe area. The experiment focuses on the influence of emotion on crowd evacuation. 
The influence of emotion on path finding choices
The scenario has two layers: the first layer is outside the carriage with two exits, the area of which is 15 m * 40 m; the second layer is inside the carriage with three exits, the area of which is 10 m * 40 m. Outside exits marked with purple are the safe area. We set the damage intensity inj of the small explosion equal to 4. Figure 10 shows an example with 300 individuals randomly distributed in the carriage. Personality traits of the crowd are randomly distributed with Figure 10 (c), the explosion occurs outside the carriage during the evacuation, individuals who perceive the emergency change their emotion rapidly, while individuals who are far from the emergency are not aware of it, their emotions do not change. In Figure 10 (d), in the left side of the scenario, individuals with fear and hate prefer the short paths, they still choose the exit in the left side. Individuals with distress and disappointment prefer the fast path, thus a few individuals change the current paths and choose the exit in the right side. Individuals with calm and hope choose the appropriate paths according to their own situation.
Comparison of different emotion contagion models
In this work, disappointment, fear, distress, and hate are classified as negative emotions. Figure 11 shows 500 individuals in the subway station with area of 30 m * 40 m, the negative emotions of the initial crowd account for 50%. Simulating the crowd evacuation using the emotion contagion model of the literature (Liu et al., 2013; Durupinar et al., 2016) and this paper, we compare the trend of the change of negative emotions. An emergency occurs in the scenario at 800th frame.
Figure 11
The changing trend of negative emotion comparison of three model this paper and literatures (see online version for colours)
Source: Liu et al. (2013) and Durupinar et al. (2016) It can be observed from the experimental results:
1 the proportion of negative emotions of the whole shows a rapid upward trend, because the model of the literature (Liu et al., 2013) does not consider the process of emotion decay 2 in our paper and the literature (Durupinar et al., 2016) , the proportion of negative emotions rises and then decreases under the effect of emotion decay.
The proportion rises again after an emergency. The experimental results show that our algorithm can realistically represent the emotional contagion process of heterogeneous crowd in real-time dynamic environment.
Crowd evacuation efficiency
Simulating crowd evacuation from the carriage to the safe area of the square outside the subway station. The simulation frame rate and evacuation time of crowd evacuation are compared using the SPP algorithm (path planning algorithm based on the shortest distance) (Geraerts, 2010) , the algorithm (Liu et al., 2013) and our algorithm. The specific simulation frame rate is presented in Table 4 . We can see that the overall frame rate of our algorithm is slightly higher than the SPP algorithm and the algorithm (Liu et al., 2013) . As for the evacuation time is shown in Table 5 , SPP algorithm makes individuals in the same area choose the same path, and congestion occurs quickly, resulting in long evacuation time. In terms of evacuation time. SPP algorithm is based on the shortest distance principle, so that individuals in the same area choose the same path, congestion occurs soon, resulting in long evacuation time.
The algorithm (Liu et al., 2013) considers emotion contagion and the effect of emotion on movement speed, while it does not consider the influence of the emotion on the path finding choices. The individuals in same area still choose the same path, failing to avoid the congested areas in time. Our algorithm considers the impact of the emotion on movement speed and path finding choices based on emotion contagion model, so that individuals can bypass the congestion area, thus reducing the evacuation time.
Conclusions and future work
Emergency evacuation planning requires the researchers of various fields encompassing a wide variety of professional and feasible methods. Emotion is important to the study of evacuees' motion. In this paper we presented an emotion contagion framework based on the OCEAN, OCC and PAD models. We described several enhancements to this framework that produced more realistic crowd behaviour during the evacuation simulation. Most notably, we considered different psychological and physiological components comprising a real human. The simulation of crowd evacuation benefited from the proposed emotion contagion model by the following research results:
1 Under various situations in the evacuation procedures, the emotions of crowd are divided into six states based on OCC model, namely, calm, hope, disappointment, distress, fear and hate; their behaviours are classified into: walking, running, pushing, gathering. Emotions affect certain behaviours, and behaviours can in turn affect emotions.
2 The individual is regarded as an agent who is composed of four features: personality, perception, emotion and behaviour. In order to simulate heterogeneity within the crowd, selecting a group of agents and adjusting the corresponding mean and standard deviation of log-normal distribution of each personality trait. On the other hand, the perceptual ability of agents is crucial to sense the emotions of the surrounding agents.
3 The emotion of the individual is associated with personality traits based on the OCEAN, OCC and PAD models, and the emotion contagion model is established. At the same time, the influence of the emergencies on the emotions update is also considered.
Our algorithm has numerous advantages over previous emotion models in psychology. For instance, our algorithm combines physiological and psychological factors, which not only consider emotional contagion, but also consider the effects of emotion on path finding choices in the process of evacuation, which bring our emotion contagion model closer to the real crowd. In fact, many researchers have looked at the emotion contagion of crowds, but rarely in the context of evacuation simulation applications (Bosse et al., 2013) . On the one hand, it is obvious that the difference of agents' personality and the complexity of emotion contagion model, which make simulation of crowds difficult on a single model method. On the other hand, the crowd state is unstable under evacuation conditions, which results in alterations in behaviour constantly. In addition, the simulation performance of crowds is limited by the computer hardware.
As future work, we plan to incorporate panic in emergency into a weight-based decision-making scheme to drive an individual's moving direction. The scheme concerns the interaction of multi-factors for an individual such as density, psychology, and the tendency to exit in a short path. Therefore, the evacuation of crowd is closer to the real world.
